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[001] IMAGE TRANSFER APPARATUS WITH STREAK REMOVAL SYSTEM 

[002] BACKGROUND 

a. Field of the Invention 

[003] The present invention relates to an image transfer 
apparatus and, more particularly, to an image transfer 
apparatus with a streak removal system. 

[004] 2. Description of Related Developments 

[005] Image scanners capture images using sensors such as gray 
scale sensors or red(R), green (G), and blue(B) . For a 
typical desktop scanner, these sensors could be a single 
or three row CCD, The sheet medium or image is moved 
relative to the sensors or the sensors relative to the 
image in a scanning or process direction while data is 
being sampled from the sensors. The captured data is 
recombined digitally to form a full two dimensional image 
which may be stored, digitally manipulated and/or output 
to a printer for example. A problem arises when dirt 
streaks corrupt the image. An example of such a problem 
is when dirt in the scan path caught between the paper 
and the scan bar creates thin vertical lines that appear 
on the scanned image. A further example of such a problem 
is when dirt in images transfer path is caught between 
the paper and another surface and creates thin vertical 
lines that appear on the scanned image. To remove the 
defect, complex approaches have been employed such as the 
addition of sensors in the scan head or complex image 
processing to attempt to detect and remove the streak. 
Such solutions can be expensive or unreliable and. 
difficult to implement where the image processing 
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algorithm is attempting to distinguish between the 
streaks and vertical lines that are properly in the 
scanned image leading to false detection arid complex 
algorithms for avoidance. Accordingly, there is a desire 
to provide a streak detection and elimination system that 
is inexpensive, simple and robust. 

[006] SUMMARY OF THE EXEMPLARY EMBODIMENTS 

[007] In accordance with one exemplary embodiment, an image 
transfer apparatus for transferring an image on a sheet 
medium is provided having a frame and a reader connected 
to the frame for reading the image on the sheet medium. 
The image is moving relative to the reader in a process 
direction when the reader reads the image. A positioning 
system is connected to the frame for positioning the 
sheet medium at a predetermined skew angle relative to 
the process direction. 

[008] In accordance with another exemplary embodiment, an image 
transfer apparatus dirt detection system for detecting 
dirt affecting image transfer quality is provided having 
a reader capable of reading the image disposed on a 
medium. The reader has a predetermined process direction 
for reading the image. A processor is connected to the 
reader for receiving electronic data embodying the image 
read by the reader. A skew system is connected to the 
reader for skewing the image a predetermined angle from 
an initial orientation to a skewed orientation with the 
reader reading the image when the image is in the skewed 
orientation. 

[009] In accordance with yet another exemplary embodiment an 
image transfer apparatus dirt detection system for 
detecting dirt affecting image transfer quality is 
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provided having a reader capable of reading the image 
disposed on a medium. The reader has a predetermined 
process direction for reading the image, A processor is 
connected to the reader for receiving electronic data 
embodying the image read by the reader. A positioning 
system is connected to the reader for positioning the 
image at a predetermined slant relative to the process 
direction so that a dirt generated feature included in 
the electronic data is identifiable by programming of the 
processor. 

[0010] In accordance with still yet another exemplary embodiment 
an image transfer apparatus for transferring an image on 
a sheet medium is provided having a frame and a reader 
connected to the frame for reading the image on the sheet 
medium. A detector is connected to the frame for 
detecting data, from the electronic data generated by the 
reader reading the image, that defines a feature in a 
final output image caused by dirt during reading of the 
image by the reader. 

[0011] BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The foregoing aspects and other features of the present 
invention are explained in the following description, 
taken in connection with the accompanying drawings, 
wherein: 

[0013] Fig. 1 is a side schematic section view of an image 
transfer apparatus incorporating features in accordance 
with an exemplary embodiment ; 

[0014] Figs. 2-2A a respectively a first top schematic section 
view of a portion of the image transfer apparatus in Fig. 
1 showing a document sheet in a skewed position, and a 
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second top schematic section of a transport /skew system 
of the apparatus with the document sheet in two 
positions; and 

[0015] Fig. 3 is a flow chart graphically illustrating an 
exemplary method in accordance with the present 
invention. 

[0016] DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENT (S) 

[0017] Referring to Fig. l, there is shown a side schematic 
section view of an image transfer apparatus 10 
incorporating features of the present invention in 
accordance with an exemplary embodiment thereof . 
Referring also to Fig. 2, there is shown a top schematic 
section view of a portion of the image transfer apparatus 
10. Although the present invention will be described 
with reference to the exemplary embodiments shown in the 
drawings, it should be understood that the present 
invention can be embodied in many alternate forms of 
embodiments. In addition, any suitable size, shape or 
type of elements or materials could be used. 

[0018] Image transfer apparatus 10 may be a conventional 
scanning system and may be part of any suitable image 
transfer device such as a copier, scanner or multi- 
function device. in general, the image transfer 
apparatus 10 has a frame F (illustrated schematically in 
Fig. 1) the frame F may define a platen on which an 
original document (such as sheet or any other suitable 
kind of media) 14 may be placed to be scanned. An 
illumination device 18 provides illumination 20 which 
passes through platen glass 22 so that it is reflected 
off of (or absorbed by) backing 28 of a document cover 3 0 
as reflected light 32. In alternate embodiments, the 
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light may be reflected off of a roller or ski which 
supports the document 14 against or in close proximity to 
the platen glass 22. Platen glass 22 may have an optical 
system, such as lenses, mirrors, apertures, modulators, 
dispersion devices or otherwise. This reflected light 32 
is sensed by a detector or reader system 36. Detector or 
reader system 36 may have electronic sensors that convert 
the light energy into electronic image data. The reader 
system 36 may have detectors that provide a signal 
proportional to the irradiance on its active surface and 
may be a charged couple device (CCD) , a full width array 
sensor (FWA) , or other photoelectric device which can 
operate in a black/white mode or a color mode. When 
document 14 passes over platen glass 22, reader system 36 
may utilize a signal processor that can perform specified 
functions on the electrical signal to provide the desired 
output data and can create electric image data that 
represents an electronic version of the actual image on 
the document 14 . The signal processor may be integrated 
into sensor 36 or may be part of controller 50. In this 
embodiment, the document is moved by transport system 39 
over the glass platen to allow the reader to read the 
image on the document. In alternate embodiments, the 
document may be stationarily positioned on the platen 
(which may be made from any suitable materials enabling 
the reader to view the image) and the reader may be moved 
to effect reading of the image on the document. In still 
other alternate embodiments, both the document and the 
reader may move to effect reading the image. 

[0019] The transport system 39 may include guides 40 and 42 and 
any desirable number of rollers 44, 46 (only two rollers 
are shown for example purposes) forming a drive nip 
therebetween to guide the original document 14 past the 



6 



scanning station of platen glass 22 . The transport 
system 30 shown in the embodiment of Fig. l is exemplary 
only, and in alternate embodiments the document transport 
system may have any other desired configuration such as 
for example a continuous belt feed system or a roller 
and, or any other movable document support system. 
Transport system 39 may have a sheet skewing or deskewing 
system 52 and / or lateral registration system 53 which 
may also have various optical sheet lead edge and / or 
side edge position detector sensors 52 as may be utilized 
in skewing, deskewing or lateral registration. 

[0020] Referring now also to Fig. 2A, there is shown a schematic 
plan view of a suitable exemplary transport system 39 
that may be used in image transfer apparatus 10 to feed 
the document 14 past reader 36. An example of a suitable 
skew/deskew system is described in U.S. Patent No. 
6,578,844, issued June 17, 2 003, which is incorporated by 
reference herein in its entirety. The transport 39 
generally includes the skew/deskew system 52 that may 
have for example, first drive 46R and the second drive 
46L. First drive 46R and second drive 46L are shown on a 
common centerline but may alternately have offset 
centerlines from each other. The first and second drives 
46R, 46L may be generally similar but opposite hand and 
will be described with respect to the first drive 46R. 
The drive 46R has a first drive roller 156 and a first 
idler roll generically identified as roller 44 located 
below drive roll 156. The idler and drive rolls 156, 44 
are urged against each other by a suitable bias system 
(not shown) . First drive roll 156 is driven by motor 
164. Second controller 50 is connected to motor 164. 
Controller 50 is shown as a single controller, but may 
alternately be individual controllers, or logic circuits 
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or part of n overall machine controller. The motor 164 
may be directly connected to drive roll 156 with shaft 
170 or may be connected to additional drives or drive 
rolls in addition to first drive roll 56. Through motor 
164, controller 50 can vary first drive velocity 174 
imparted to a sheet of document 14 by first drive roller 
56 either by varying the speed of motor 164 , by 
mechanical speed reduction as with gearing, belt or a 
clutch, or otherwise. Similarly, the controller 50 can 
also vary local drive velocity 174L imparted to sheet of 
document 14 by the roller of second drive 46L. As noted 
before the transport system further comprises a 
lateral/skew registration system 53 that may include for 
example purposes a first sheet sensor 178, second sheet 
sensor 180 and third sheet sensor 182 (sensor 178, 180 
and 182 are represented generically in Fig. 2 as sensors 
52S) . First sheet sensor 178, second sheet sensor 180 
and third sheet sensor 182 may be connected to controller 
50 or any other controller. The sensors 178, 180 and 182 
could be any type of suitable sensor, such as an optical 
sensor for example. The sensors 178, 180 and 182 are 
shown offset from the shafts of the drives 46R, 46L, but 
may alternately be on the same center line or further 
upstream or downstream of drive shafts. The sensors 178, 
180 and 182 are shown in line with each other, but may 
alternately be on the different centerlines further 
upstream or downstream. Sensors 178, 180 and 182 may be 
capable of detecting when an edge of sheet of document 14 
passes and sends a signal to controller 50. As the sheet 
of material 14 enters the sheet feeder, it is contacted 
by the two rolls 156, 44 of the first drive 46R and by 
the two rolls of the second drive 46L. Sheet of material 
14 is advanced by the first drive 46R and the second 
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drive 46L in a direction nominally parallel to the 
process direction 70 as shown in Fig. 2A. 

[0021] In the embodiment shown, first sensor 178 and second 
sensor 180 are positioned to determine the skew angle of 
sheet of material 14 when it passes through first drive 
46R and second drive 46L. As sheet of material 14 enters 
first drive 46R and second drive 46L it may be moving 
along the paper path 74 with some initial skew angle 
(measured from its leading edge 90 to a line 
perpendicular to paper path 74) determined by the 
sensors. Phantom position 14' shows skew angle 64 the 
sheet 14/ after it has been skewed by drives 46R, 46L 
(operating at desired speeds to achieve) . For example, 
controller 50 determines the initial skew angle as a 
function of the velocity of sheet of material 14 and the 
time difference between when sheet of material 14 passes 
over first sensor 178 and second sensor 180. Knowing the 
initial value of skew angle controller 50 can vary first 
drive 46R and second drive 46L speeds to adjust skew 
angle 64 of leading edge 90 of sheet of material 14 to a 
desired value. Once a desired value for skew angle 64 is 
obtained, controller 50 can vary first drive velocity and 
second drive velocity such that they are equal and sheet 
of material 14 will then continue to be advanced in a 
direction nominally parallel to the paper path 74. In 
the embodiment shown, the sheet is skewed clockwise but 
in alternate embodiments the sheet may be skewed in 
either direction relative to the paper path 74. In other 
alternate embodiments, any other suitable transport /skew 
system may be used to skew the document sheet relative to 
the process direction, including steerable rollers, or a 
fluidic cushion bed for example. 
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[0022] Controller or processor 50 interfaces with drive motor (s) 
56, 60 and sensor (s) 52S of transport system 39 in order 
to skew or deskew document or image 14 to a predetermined 
skew angle 64. Skew angle 64 may be positive or negative. 
Controller or Processor 50 may also interface with drive 
motor (s) 56, 60 to transport document or image 14 in a 
process direction 70 along a path 74. Dirt Streaks may 
arise in a scanned image when dirt 80 in the scan path is 
caught between the paper 14 and the scan bar 22 creating 
thin vertical lines that appear on the scanned image. In 
this instance, the particles or dirt may not actually 
create visible streaks on the document 14, but create the 
streaks in the scanned image as particles 80 blbck 
reflected light 32 or incident light 20. A further 
example of this problem is when dirt in images transfer 
path is caught between the paper and another surface and 
creates thin vertical lines 84 that appear on the . scanned 
image. To remove the defect, document 14 is slightly 
skewed or rotated to a skew angle 64 before it traverses 
scan head 22. The amount of skew angle 64 may be in the 
order 10 - 20 milliradians . In alternate embodiments, 
other amounts of skew may be used. The actual amount of 
skew may vary widely about the nominally induced skew. By 
introducing this known skew, the probability that a 
vertical line in the scanned image is due to a streak is 
increased and the probability that a vertical line in the 
scanned image is due to the actual image is decreased. As 
a result, a simpler vertical line detection algorithm may 
be used and the probability of false detection of dirt 
lines is greatly reduced. Streaks in the scanned image 
due to dirt or handling may be eliminated in the image 
processing algorithm 51 (stored in the controller 50) 
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more effectively as a result- Page / image deskew 
algorithms 510 (also stored in the controller) may then 
be employed after the streaks are detected and eliminated 
in order to detect the actual skew of the document and 
correct for using page skew correction image processing. 

[0023] Referring now to Fig. 3, there is shown a streak removal 
process flow diagram. In the initial step 100 , Document 
14 is skewed relative to scan or process direction 70. 
The amount of skew need not be accurate, but may be set 
at a predefined minimum, such as 10 milliradians for 
example; although other minimums may, but need not be 
defined. The skewed document 14 is then scanned in step 
104 by traversing the image or document 14 across scan 
head 22 in scan or process direction 70 . Streaks that are 
not part of the scanned image are then detected in step 
106 by processing the data relating to the scanned image 
through a streak detection algorithm 51. In such 
algorithms, methods are used to find vertical lines in 
the scanned image that correspond to vertical lines in 
the scan or process direction 70. A Hough Transform is an 
example of a suitable method of performing such a task 
although alternate methods may be used. The algorithm 
must then distinguish these lines into two categories; 
those it believes were in the original document or image 
14 and those it believes are the result of dirt or 
streaking. In this embodiment , by skewing document 14 by 
a skew angle 64, the streaks that are not part of the 
original image or document 14 are vertical or nearly 
vertical as they occur primarily in the process direction 
70 such as when they are due to dirt at a particular 
position on sensor 22. Lines that appear vertical on the 
data of the scanned image will actually be at an angle 
off actual vertical lines of the actual image or document 
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14 the amount of skew angle 64. As a result, the 
probability that lines detected as vertical from the 
skewed image are streaks is much higher than if the image 
was not skewed. As a result, if a line is detected as 
vertical from the original scanned data, it is either a 
dirt streak or a line that is skew angle 64 off of 
vertical from the original image. As a result, the 
problem of false detection is greatly reduced. In one 
embodiment, a skew detection algorithm may be employed 
that detects, such as with skew system 53 (see Fig. 2A) 
the actual skew 64 of the document 14. If the detected 
skew of the captured image is greater than the predefined 
minimum skew, there will be a low probability , of false 
positive detection of image as dirt streaks. Streaks 
identified by the streak detection algorithm 51 that are 
not part of the scanned image are then removed in step 
108 by removing and processing the data relating to the 
streak from the data relating to the scanned image. The 
resulting data may then be processed through an image 
deskew algorithm in step 110 to compensate for this skew 
(i.e. deskew the image). The resulting data represents 
the original scanned image with the streaks removed. The 
data may then be output, for example to a printer, (not 
shown) with the streaks removed and the image not skewed. 

[0024] 

It should be understood that the foregoing description is 
only illustrative of the invention. Various alternatives 
and modifications can be devised by those skilled in the 
art without departing from the invention. Accordingly, 
the present invention is intended to embrace all such 
alternatives, modifications and variances which fall 
within the scope of the appended claims. 



